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Protein transport: The nonclassical ins and outs
Ann E. Cleves
Recent evidence that a herpes virus protein lacking a
classical secretory signal sequence can spread between
cells in culture draws attention to a class of proteins
that are transported into and out of cells by
unconventional means.
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Several proteins that lack a classical secretory signal
sequence are transported out of mammalian cells. This
atypical secretion, termed ‘nonclassical export’, occurs by
poorly understood mechanisms that are independent of
the classic vesicular secretory pathway (Fig. 1). Interest-
ingly, many of the same proteins that are exported by non-
classical mechanisms can also be imported into cells by
unconventional means. Fibroblast growth factor-1 (FGF-
1) and FGF-2, interleukin 1 (IL-1), and the human
immunodeficiency virus-1 (HIV-1) Tat protein are exam-
ples of such proteins. A recent paper [1] describing this
unusual movement for yet another protein, the herpes
virus VP22 protein, calls for a re-examination of this novel
type of protein transport.
Although one might suspect there would be some related-
ness between the movement of these proteins into and
out of cells, the data do not indicate that their mechanisms
of export and import are similar. For example, the cellular
uptake of Tat [2] and VP22 [1] can still occur at 4°C, at
which temperature vesicular transport is inhibited,
whereas the secretion of FGF-2 [3] and IL-1b [4] is inhib-
ited when the temperature is lowered to 18°C. Cytocha-
lasin D, which disrupts the actin cytoskeleton, inhibits the
spread of VP22 between cells, but enhances the secretion
of IL-1b several-fold. IL-1b is secreted by a vesicular [4]
but nonclassical mechanism, unlike FGF-1 and FGF-2,
which seem to be transported directly from the cytoplasm
across the plasma membrane. In support of the notion of
independent export and import mechanisms, not all pro-
teins exported by nonclassical mechanisms appear to have
the ability to enter cells in a nonclassical manner.
FGF-1, FGF-2, IL-1, Tat and VP22 are found in the
nucleus of cells following import. Nuclear localization of
these proteins is likely to occur by at least two distinct
mechanisms. As the import of VP22 and Tat can occur at
4°C, vesicular traffic cannot be the means of delivery to
the nucleus for these proteins. In this case, targeting to the
nucleus requires two steps, translocation across the plasma
membrane into the cytosol followed by nuclear import.
Although nuclear import can be attributed to putative
nuclear-localization sequences on the proteins themselves,
the mechanism of translocation into the cytosol is entirely
unclear. 
Nuclear localization of an exogenously added protein
could also be mediated by retrograde vesicular traffic from
the cell surface to the endoplasmic reticulum and nuclear
envelope. This is a more likely scenario for ligands that
are transported into the nucleus while bound to their
transmembrane receptors. For example, exogenous IL-1
appears to drive the translocation of its cell-surface
complex with its receptor into the nucleus [5]. Retrograde
vesicular traffic may also participate in the nuclear local-
ization of FGF-1 and FGF-2, which have high-affinity
cell-surface receptors. However, as FGF-1 and FGF-2
may have roles in the nucleus that are independent of
their cell-surface receptors [6], nuclear localization of the
exogenous growth factors could also involve direct translo-
cation across the plasma membrane into the cytosol fol-
lowed by nuclear localization.
A medically relevant example of nonclassical protein
traffic involves the HIV-1 Tat protein. Tat transactivates
HIV-1 gene expression by interacting with the long termi-
nal repeat (LTR) of HIV-1, and this interaction is essen-
tial for HIV-1 replication. HIV-1-infected T cells release
Tat protein into the culture media, and exogenous Tat
added to cell-culture media appears in the cytosol and
nucleus of the cells [7]. HIV-1 Tat can be taken up by
classical endocytosis, but also enters some cell types at
4°C, which indicates a novel import mechanism. This
import is not likely to be mediated through a specific cell-
surface receptor or charged polysaccharides, as the treat-
ment of cells with trypsin, neuraminidase or heparinase
before Tat addition does not inhibit uptake [2]. It will be
important to determine the physiological role of the non-
classical transport of Tat in HIV-1 replication in vivo.
A new and striking example of intercellular transport of a
protein lacking a classical signal sequence involves VP22,
a herpes virus tegument protein. VP22, whether expressed
during virus infection or DNA transfection, will spread
from the cytosol of a subpopulation of expressing cells to
the nucleus of every cell in a culture [1]. The spread of
the VP22 from expressing cells to surrounding non-
expressing cells is believed to reflect nonclassical export
of VP22 from infected cells, followed by nonclassical
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import into uninfected cells and sub-
sequent localization to the nucleus.
Although the spread of VP22 is slow,
occurring between 18–20 hours post-
transfection, its import is rapid —
taking less than 5 minutes at 37°C,
and less than 15 minutes at 4°C.
These results might suggest that the
nonclassical export of VP22 is a much
slower process than the subsequent
nonclassical import. The problem
with interpreting the import assay
results is that the source of the exoge-
nous VP22 was a high-salt, reducing-
agent extract from VP22-expressing
cells. Translocation of proteins across
membranes usually requires that the
proteins be unfolded, so it is possible
that the salt and reducing agent artifi-
cially facilitated the import of VP22.
Such trivial effects could be ruled out
if it can be shown that conditioned
media contain import-competent
VP22 that is rapidly taken up into
cells. There is also evidence for a role
of the actin cytoskeleton in VP22
transport: cytochalasin D only par-
tially inhibited VP22 import but completely abolished
spreading of VP22, suggesting a role for filamentous actin
in the nonclassical transport of VP22. 
In addition to the proteins mentioned above, nonclassical
protein transport has been observed for small peptides.
Antennapedia (Antp) is a member of the homeobox family
of transcription factors whose characteristic feature is a
highly conserved, DNA-binding homeodomain, consisting
of three a helices. In a neural morphogenesis study, a
60 amino-acid polypeptide corresponding to the Antp
homeodomain was synthesized for use as a competitive
inhibitor of endogenous homeotic proteins [8]. In these
studies, it was discovered that this artificial polypeptide
could enter culture cells when added exogenously, and, in
later studies, that chimaeric proteins containing this
domain of Antp could also enter cells. A 16 amino-acid
peptide corresponding to the third helix of the Antp
homeodomain can translocate through biological mem-
branes, even at 4°C, in a non-saturable manner [9]. As full-
length Antp is neither exported from nor imported into
cells, the translocation of the Antp peptides across mem-
branes, however useful, is unlikely to have physiological
relevance. Thus, Antp should not be considered as one of
the proteins that exhibit nonclassical export and import. 
In a discussion of nonclassical translocation of proteins, it
should be noted that many bacterial toxins — such as
tetanus, botulinum, diphtheria, pertussis and cholera — can
translocate into the cytoplasm of mammalian cells, where
the toxins then mediate their deleterious effects [10].
However, a distinction should be made between the mam-
malian proteins mentioned above and these pathogenic
bacterial proteins. Typically, such toxins consist of two sub-
units linked by disulfide bonds. The mechanism of translo-
cation involves binding of the toxin to the cell surface
followed by invagination in an endosomal compartment.
Once present in an acidified environment, one subunit
inserts into the lipid bilayer, thereby creating a translocon
for the entry of the other active subunit. After translocation,
the active subunit is soluble in the cytosol, but the translo-
con subunit remains associated with the membrane. In this
light, entry of these toxins seems more similar to classical
translocation across membranes such as the endoplasmic
reticulum and mitochondria than to nonclassical import
mechanisms. It is difficult to imagine FGF-1, FGF-2, Tat,
IL-1 or VP22 behaving as their own translocon, because
these proteins do not appear to be membrane-associated.
It is now well-established that several proteins lacking a
classical signal sequence are exported from and taken up
into cells by novel mechanisms. Furthermore, it seems
likely that there is not one universal nonclassical mecha-
nism of protein transport, although components of the
export machinery — such as cytosolic chaperones — may
be shared. The next step is to identify the export and
import machinery for each of these nonclassical protein
substrates at the molecular level. 
Figure 1
Model of nonclassical protein export and
import. Nonclassical export — that which is
independent of the ER–Golgi pathway —
occurs by both vesicular and non-vesicular
mechanisms. Nonclassical import occurs by
direct transport across the plasma membrane
as well as by vesicular retrograde traffic
through the Golgi and endoplasmic reticulum
(ER).
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If you found this dispatch interesting, you might also want
to read the August 1997 issue of
Current Opinion in
Cell Biology 
which will include the following reviews,
edited by Vivek Malhotra and Scott Emr, on
Membranes and sorting:
COPII-mediated vesicle formation and cargo selection
R. Schekman
COPI-mediated vesicle formation and cargo selection
P. Cosson and F. Letourneur
Receptors and receptor packaging in secretory and
endocytic traffic
S. Robinson and H. Riezman
Vesicle targeting 
P. Novick and M. Zerial
Vesicle docking and fusion
R. Scheller
Lipid signalling in membrane traffic
M. Roth and P. Sternweis
Regulated fusion at the nerve terminal
T. Sudhof and Y. Goda
Lipids as sorting domains in membrane traffic
K. Simons
TGN: a late secretory sorting station
S. Kornfeld
Endosomes as endocytic sorting stations
I. Mellman
the same issue will also include the following
reviews, edited by Matthias A. Hediger, on
Membrane permeability:
The families of water channels and urea transporters:
structure, function, regulation and physiological roles
M. Knepper
Family of neutral and acidic amino acid transporters:
molecular biology, physiology and medical implications
Y. Kanai
Molecular biology of zinc and iron uptake in yeast,
plants and mammals
D. Eide
P-ATPases: common concepts in bacteria and man
S. Packman
Cystic fibrosis: relationship between CFTR mutations,
purinergic receptors and electrolyte transporter function
W. Guggino
ATP-sensitive potassium channels
L. Aguilar-Bryan and J. Bryan
